INTRODUCTION
The late Eocene Chesapeake Bay impact structure, with a diameter of 85 km, is one of the largest and best-preserved impact structures on Earth (e.g., Poag et al., 1994 Poag et al., , 2004 Koeberl et al., 1996; Gohn et al., 2006a) . The structure was discovered by analyses of seismic profi les, followed by studies of core samples of the informally named Exmore breccia (Poag et al., 1994) . The formation of this structure as a consequence of an impact event was confi rmed by Koeberl et al. (1996) from the presence of shocked minerals within the crater fi ll. Based on geographic position, age, and chemical and isotopic data, previous studies led to the conclusion that the Chesapeake Bay impact structure is the likely source of the North American tektites (Koeberl et al., 1996; Deutsch and Koeberl, 2006) .
Suevite was fi rst found in the Chesapeake Bay impact structure at the bottom of the 2004 Sustainable Technology Park (STP) test hole (Gohn et al., 2007;  Fig. 1 ), located at Cape Charles near the center of the impact structure. In 2005, ~154 m of impact breccia were recovered in the International Continental Scientifi c Drilling Program (ICDP)-U.S. Geological Survey (USGS) Eyreville drill core in the 1397.2-1551.2 m depth interval (Figs. 1 and 2A) , within the deep crater moat, a few kilometers to the north of the Cape Charles drill site. At Eyreville, the downhole crater fi ll consists of postimpact sediments, clastic breccias and sedimentary megablocks (i.e., Exmore beds, interpreted as resurge breccia [Poag et al., 1992; Reimold et al., this volume] , and avalanche deposits [Gohn et al., this volume] ), a large granitic megablock and a smaller amphibolitic block intercalated with gravelly sand, polymict impact breccia with cataclastic gneiss blocks, and pegmatite/granite and mica schist derived from the crystalline basement ( Fig. 2A ; Gohn et al., 2006a Gohn et al., , 2006b Gohn et al., , 2008 . Gohn et al., 2006a Gohn et al., , 2008 Horton et al., this volume) . Depths are below surface in meters. (B) Detailed geologic column of the impact breccia section modifi ed from Horton et al. (this volume) . The tick marks inside the column show the stratigraphic position of the samples, from left to right: samples CB6-X (samples 100, 110, 120, and 130 marked with a thick line); sample KB-X; samples W2-X and RG-X; samples W-X (samples 60, 70, 80, 90 , and 100 marked with a thick line). Depths are below surface in meters.
of clasts of different lithic types (quartz sand, glauconitic sand, clayey sand, silt, clay, cherty breccia) that had been extracted from Exmore breccia samples from the Exmore, Newport News, and Windmill Point cores (Fig. 1) . The samples analyzed by Poag et al. (2004) show large variations in both major-and traceelement contents. An extensive study of the chemical composition of the main target sediments was also performed by Deutsch and Koeberl (2006) . Their study presents geochemical data of samples from drill cores and outcrops, including several preimpact sedimentary formations (Potomac, Aquia, Piney Point, and Nanjemoy Formations; Fig. 3 ), as well as the fi rst postimpact unit-the Chickahominy Formation. Horton and Izett (2005) carried out chemical analyses of a single rhyolite clast from the Exmore breccia and one monzogranite sample, both taken from the Langley core. The granite, assumed to be part of the crater basement, was cored at a depth Poag et al., 2004) . The terminal Eocene Chickahominy Formation represents the fi rst postimpact sedimentary formation. Impact-generated Exmore breccia is fi lling the impact crater. of 626.3 m in the Langley core and was dated as being of Neoproterozoic age, 612 ± 10 Ma ( 206 Pb/ 238 U weighted average age of igneous zircons; Horton et al., 2005a) . Horton and Izett (2005) also interpreted the age of the impact to be 35.3 ± 0.1 Ma (±1σ), based on 40 Ar/ 39 Ar dating of North American tektites. Ages of 35.7-35.8 Ma were obtained using the occurrence of calcareous nannofossils by Frederiksen et al. (2005) and based on sediment accumulation rates . Lee et al. (2006) analyzed samples from the STP test hole and found that the rhenium and platinum group element (PGE) concentrations of the impact melt rock are 30-270 times higher than those of basement gneiss. This, together with osmium isotopic data, indicated the presence of a very small, but discernible meteoritic component (see also discussion in McDonald et al., this volume) , which could be 0.01%-0.1% by mass, according to mixing calculations (Lee et al., 2006) . The type of the projectile has not yet been constrained.
North American Tektites
Initial evidence of an impact in the region along the eastern United States seaboard came from distal ejecta, which are part of the North American tektite strewn fi eld. The North American strewn fi eld contains tektites, microtektites, shocked minerals, and high-pressure minerals (e.g., reidite, coesite, and stishovite; Glass, 1989 Glass, , 2002 . The general location of the source crater of the North American tektites along the east coast of the United States was suggested on the basis of the abundance and composition of distal ejecta (e.g., Thein, 1987; Koeberl, 1989) . Poag et al. (1994) excluded the possibility that the North American tektites originated from the Toms Canyon underwater structure, a crater-like feature that has, to date, not been confi rmed as being of impact origin. Koeberl et al. (1996) found good agreement in chemical composition between the North American tektites and breccia fragments from the Chesapeake Bay impact structure. The source of the tektites was further linked to the Chesapeake Bay impact structure by Deutsch and Koeberl (2006) . These authors showed a correlation of Sr-Nd data and a great similarity in refractory and lithophile element contents, including the rare earth elements (REEs), between the tektites and the target sediments, one Exmore breccia sample, and one granite sample from the Bayside core from the Chesapeake Bay impact structure. These isotope and compositional data by Deutsch and Koeberl (2006) , as well as others by Whitehead et al. (2000) , excluded the nearly coeval Popigai impact structure in Russia as a possible source crater for the North American tektites.
Eyreville Drill Core
In 2005 (Gohn et al., 2006a (Gohn et al., , 2008 . The uppermost section of the composite Eyreville drilling consists of 444 m of postimpact sediments that overlie 652 m of Exmore breccia and sedimentary blocks. A granitic megablock and a smaller amphibolitic block occur below the Exmore breccia, embedded in gravelly sand. A section of impact breccia was cored in the depth interval from 1397 to 1551 m. The crystalline basement-derived rocks below that consist of granites and pegmatites alternating with mica schists (Gohn et al., 2006a (Gohn et al., , 2008 Horton et al., this volume;  Fig. 2A ). Kenkmann et al. (this volume) consider it unlikely that these crystalline rocks represent in situ crater fl oor and suggest that they probably represent parautochthonous blocks derived from the unshocked material originally at the edge of the transient cavity.
Petrography of the Impact Breccia Section
The detailed petrography of the Eyreville impact breccia is discussed by Bartosova et al. (this volume) and by Wittmann et al. (this volume, Chapters 16 and 17) ; here, we provide a brief summary of these observations. The nomenclature used for the impactites follows the defi nitions by Stöffl er and Grieve (2007) . In the Eyreville B drill core, the impact breccia between 1397 and 1551 m depth is composed mostly of suevite (Figs. 2A and 2B; Horton et al., this volume; Bartosova et al., this volume) . Suevite is present also in the form of several dikes in the crystalline basement .
The suevite of the Eyreville B drill core has a grayish, fi negrained, clastic matrix and contains a variety of rock and mineral clasts, melt particles, and secondary minerals. Mineral clasts include quartz, K-feldspar, plagioclase, muscovite, biotite, chlorite, opaque minerals, and other accessory minerals. Rock clasts include sedimentary, metamorphic, and igneous lithologies. Sizes and proportions of different lithic clast types vary signifi cantly throughout the core. However, the clasts become larger and more abundant with increasing depth (Bartosova et al., this volume) . In the upper part of the section, the suevite is mostly melt-rich (melt constitutes more than ~20 vol%) and intercalated with impact melt rock (Wittmann et al., 2008, this volume, Chapters 16 and 17) in the intervals 1402.2-1407.5 m and 1450.2-1451.2 m. In the deeper part of the section, below 1474 m, the suevite and rare polymict lithic impact breccia contain large blocks (Horton et al., this volume) consisting mostly of cataclastic, monomict breccia of fi negrained gneiss and minor schist. The main minerals in the cataclastic gneiss are quartz, chlorite, muscovite, biotite, K-feldspar, and plagioclase, as well as secondary carbonate, and opaque and other accessory minerals. Many quartz grains in the impactites exhibit shock deformation in the form of planar fractures (PFs; per se not shock diagnostic) and/or planar deformation features (PDFs); some PDF sets are decorated. Ballen quartz was noted in melt-rich suevite and impact melt rock samples from depths around 1405 and 1450 m. Rare feldspar grains with PDFs and mica with kink banding are also present (Bartosova et al., this volume) .
Preliminary results of analyses of the Eyreville core were reported by Bartosova et al. (2007a Bartosova et al. ( , 2007b Bartosova et al. ( , 2008 , Gibson et al. (2007) , Jolly et al. (2007) , Mader et al. (2007) , Reimold et al. (2007a Reimold et al. ( , 2007b , Schmitt et al. (2007) , Townsend et al. (2007) , Fernandes et al. (2008) , and Wittmann et al. (2008) . More details about the petrography of the impact breccia section can be found in Bartosova et al. (this volume) , Horton et al. (this volume) , and Wittmann et al. (this volume, Chapters 16 and 17) . Chemical compositions of the main lithologies from the Eyreville drill core are reported and discussed in Schmitt et al. (this volume) .
In this study, we present chemical data for 85 impactites and 24 clasts of target rock components separated from impactite samples. In addition, carbon isotopic data are reported for 18 samples of Exmore breccia (444-1096 m), impact breccia (1397-1551 m), and samples from the basal crystalline section (1551-1766 m; Fig. 2A ), as the Eyreville drill core provides the unique opportunity to investigate carbon concentrations and C isotopic systematics throughout the complete fi ll of a large impact structure. This detailed study allowed us to constrain the chemical composition of the impactites and to compare it with the compositions of both the target lithologies and with the North American tektites. Compositions of melt particles within the impactite sequence were also analyzed. The proportions of various target lithologies involved in formation of the polymict impactites and of melt particles therein are estimated by mixing calculations.
SAMPLES AND ANALYTICAL METHODS
Eighty-fi ve samples from the 1397-1551 m depth interval of the Eyreville B drill core were subjected to whole-rock chemical analysis. This suite of samples from the impact breccia sequence consists of 64 suevites, 9 impact melt rocks, 2 polymict lithic impact breccias, and 10 cataclastic gneisses. More detail about the petrography of these samples is presented in Bartosova et al. (this volume) and Wittmann et al. (this volume, Chapters 16 and 17) . In addition, 24 large rock clasts from the polymict impactite section were analyzed. The Berlin suite of samples has the designation W-X (plus a few additional W2-X). The Vienna sample suite has the numbers CB6-X, which correspond to samples CK-X from the original sampling, and there are also a few additional samples KB-X. There are also two samples (RG-X) from the Johannesburg sample suite.
Representative aliquots of ~60 g were cut, crushed to smaller pieces, and powdered in an agate mill. In the polymict impactites, we tried to avoid clasts larger than ~1.5 cm. Abundances of major and some trace elements (Ba, Ce, Co, Cr, Cu, Mo, Nb, Ni, Pb, Rb, Sr, Th, U, V, Y, Zn, and Zr) were determined by X-ray fl uorescence (XRF) spectrometry at the Museum of Natural History, Berlin, Germany, with a SIEMENS SRS 3000 instrument. Glass tablets were prepared from the sample powders and used for the XRF analyses. For more details on this method, see . Additional XRF analyses (samples W2-X and KB-X) were carried out at the University of Witwatersrand, Johannes-burg, South Africa. Details of the analytical procedures and accuracies are given in Reimold et al. (1994) . The contents of some major (Na, K, and Fe) and most trace elements, including rare earth elements (REEs), were determined by instrumental neutron activation analysis (INAA) at the Department of Lithospheric Research, University of Vienna, Austria. About 130 mg of each sample powder were sealed in polyethylene capsules. Three international rock standards were used for reference: the carbonaceous chondrite Allende (Smithsonian Institution, Washington, D.C., USA; Jarosewich et al., 1987) , granite AC-E (Centre de Recherche Pétrographique et Géochimique, Nancy, France; Govindaraju, 1989) , and Devonian Ohio shale SDO-1 (U.S. Geological Survey; Govindaraju, 1989) . All standards and samples were irradiated in the 250 kW Triga reactor of the Atomic Institute of the Austrian Universities for 8 h at a neutron fl ux of 2.10 12 n cm -2 s -1
. More detail about the instrumentation and method is given by Koeberl (1993) and Son and Koeberl (2005) . For those elements for which contents were determined by both methods (XRF and INAA), the results were generally in good agreement. For major elements, XRF data are reported; whereas for trace elements, those data that were acquired by the more precise method are presented.
Microchemical analysis of melt particles was carried out at the Natural History Museum in Vienna on a JEOL JSM 6400 scanning electron microscope with an energy-dispersive X-ray analyzer (SEM-EDX). Polished thin sections were examined in secondary electron and backscattered electron modes. The compositions of different types of melt were analyzed using a KEVEX SuperDry Si(Li) detector linked to a VANTAGE EDS system (operating conditions 15 kV acceleration potential and ~1-2 nA sample current). The following elements were analyzed and results recalculated to oxide contents: Si, Al, Ca, Fe, Mg, K, Na, Ti, Mn, and Cr. The analytical results were automatically normalized to 100 wt%. The standardless EDX analyses have a precision of ~3 rel% and accuracies of 10 rel%. Detection limits are ~0.2-0.5 wt% for major elements. A beam with a diameter of ~2 µm was used for detailed analyses. Defocused beam was used for determining the average composition of the melt particles; areas of ~50 × 50 µm to 200 × 200 µm were analyzed.
Carbon isotopic compositions and carbon contents of 18 samples, including several clasts and veins from three of the fi ve major lithological units (Exmore breccia, impact breccia, and basal crystalline section; Fig. 2A ), were determined. From the Exmore breccia, some clasts of fi ne-grained carbon-bearing sediments (arkose, mudstone, siltstone, and shale) and a piece of vitrinitic wood (CB6-059; M. Malinconico, 2007, personal commun.) were selected for analysis. In suevite, clasts of fi ne-grained sediments (siltstone, mudstone, shale), together with some secondary carbonate in a melt particle (CB6-109) and one carbonate vein (CB6-122), were analyzed. From below the impact breccia section, two samples (CB6-131 and CB6-132) from a graphitic breccia (1551-1560 m), and narrow (<1-mm-wide) carbonate veins in graphitic breccia (CB6-132) and in schist (CB6-145) were selected for carbon isotope analysis. From each sample, 0.2-5 mg powder of suffi ciently large clasts were drilled out and weighed into tin capsules. The carbon content and isotopic composition of carbon were measured in the Stable Isotope Laboratory at the Department of Lithospheric Research, University of Vienna, using a Carlo Erba Element Analyzer coupled to a Micromass Optima stable isotope ratio mass spectrometer. Each powder sample was analyzed at least three times with a precision between 0.13‰ and 1.33‰. As laboratory standards, replicate analyses of a graphite (USGS-24, Coplen et al., 2006) and of a carbonatite (NBS-18; Verkouteren and Klinedinst, 2004 ) were used; accuracy was better than 0.6‰ for USGS-24 and better than 0.48‰ for NBS-18.
RESULTS
The major-and trace-element contents of 85 samples of the polymict impactites and cataclastic gneiss are presented in Appendix 1. Chemical compositions of 24 lithic clasts from the same section are shown in Appendix 2. Average compositions of the impactites are summarized in Table 1 , and average compositions of major lithologies from the Eyreville drill core are reported in Table 2 (data from Schmitt et al., this volume) . The average compositions of the subunits of the impact breccia section, as well as correlation coeffi cients for the average polymict impactites and the cataclastic gneiss, are presented in Schmitt et al. (this volume) . The paper by Schmitt et al. discusses the geochemistry of all impactite and basement units in the Eyreville core, whereas the present paper is focused on the impact breccia.
The impact melt rock and polymict lithic impact breccia (only 9 and 2 samples, respectively) have compositions similar to those of the suevite from similar depths; thus, we discuss all these samples mostly together as one group of polymict impactites. The only major difference is a depletion of MgO in the impact melt rock from the interval M2 (Fig. 2B , as defi ned by Horton et al., this volume) when compared to the MgO content of the suevite. Also most of the cataclastic gneiss samples have a composition similar to that of the suevite, and signifi cant differences occur only with regard to the relatively lower contents of Ba and Rb in the gneiss compared to suevite from a similar depth. When we compare the average chemical composition of the different types of impactites (Table 1) , the contents of most elements in the gneiss are comparable with the polymict impactites. The gneiss has slightly higher MgO, Cr, Ni, Ba, Hf, Ta, and Th contents and a lower Cs content than the polymict impactites.
Major-Element Contents
The suevites can be divided into two groups: upper suevites (above 1474 m depth, mostly melt-rich) and lower suevites (below 1474 m depth), where further subdivision of the large suite of suevite samples is appropriate. Figure 4 shows bivariate plots of the variation of majorelement oxide contents with depth in the 75 samples of polymict impactites (suevite, impact melt rock, and polymict lithic impact Note: All major element contents and V, Ni, Sr, Y, Zr, and Ba contents were analyzed by X-ray fluorescence (XRF); all other element contents were determined by instrumental neutron activation analysis (INAA). LOI-loss on ignition. Abbreviations M1-M2, P1-P2, S1-S3, and SU (see Fig. 2 ) refer to subunits as defined by Horton et al. (this volume 0.5 ; subscript N denotes chondrite-normalized values (Taylor and McLennan, 1985) . § § Subscript N denotes chondrite-normalized values (Taylor and McLennan, 1985) . 4 Note: All major-element contents and V, Ni, Sr, Y, Zr, and Ba contents were analyzed by X-ray fluorescence (XRF); all other element contents were determined by instrumental neutron activation analysis (INAA). LOI-loss on ignition. Abbreviations M1-M2, P1-P2, S1-S3, and SU (see Fig. 2 ) refer to subunits as defined by Horton et al. (this volume Fig. 2B ), whereas most of the other impactites have K 2 O contents <4 wt%. Loss on ignition (LOI) values also increase with depth in the polymict impactites.
Harker diagrams (Fig. 5) show the variability in majorelement contents within the impactites. An inverse correlation between SiO 2 and Al 2 O 3 , Fe 2 O 3 , and MgO is observed. There is no signifi cant correlation between SiO 2 and CaO, Na 2 O, and K 2 O contents. In the SiO 2 -Na 2 O diagram, the Na-rich suevite samples from above ~1450 m and the Na-poor suevite samples from the lower parts of the investigated section are well distinguished; the impact melt rock and cataclastic gneiss mostly fall between these two groups.
The ternary diagram CaO-K 2 O + Na 2 O-Fe 2 O 3 + MgO (Fig. 6) shows the average and range of compositions of the investigated impactites compared with average compositions of other main lithologies from the Eyreville drill core, including pegmatite/granite and schist of the basal crystalline section, amphibolite, granitic rocks of the megablock, gravelly sand, and Exmore breccia. The suevite, impact melt rock, and cataclastic gneiss have similar proportions of CaO, K 2 O + Na 2 O, and Fe 2 O 3 + MgO; suevite displays the largest range of proportions. Average schist has proportions of the plotted oxides very similar to the average impactites, whereas gravelly sand, Exmore breccia, granitic megablock samples, and especially pegmatites/granites of the basal crystalline section have comparatively elevated K 2 O + Na 2 O contents. The contents of CaO and LOI values are not correlated with each other in the impactites (Fig. 7) .
Trace-Element Contents
Variations of some trace-element contents with depth are shown in Figure 8 . The trace-element contents mostly do not show obvious trends with depth.
Lithophile Elements
The abundances of the lithophile elements Ba, Rb, and Sr show minor variations in the upper part of the impact breccia section (above ~1430 m, Fig. 8) ; larger variations appear in the lower part. The Ba contents vary between 400 and 600 ppm in most of the polymict impactites (Fig. 8 ). There are a few outliers among the upper suevites (above 1474 m), with higher values, up to 1041 ppm. Barium contents are relatively constant within each subsection of the impact breccia (as designated by Horton et al., this volume; see Fig. 2) . The Ba contents of the cataclastic gneiss, with values between 381 and 736 ppm, are slightly higher than those for the polymict impactites from similar depth. The Rb contents of the polymict impactites show a slightly decreasing trend from the top of the section to ~1417 m depth; between 1417 m and 1474 m, the contents vary from 28 to 223 ppm. Below 1474 m, the polymict impactites have generally slightly higher Rb contents (141-228 ppm) than the intercalated cataclastic gneiss blocks (88-168 ppm; Fig. 8 ). The Sr content mostly varies only between 160 and 250 ppm in the upper part of the polymict impactites, above ~1430 m, but the variations become larger down to 1474 m depth, ranging from 140 to 360 ppm in most samples. Below 1474 m, the Sr content is highly variable. There is a low Sr content (below 150 ppm) in the polymict impactites of the interval between 1480.2 and 1486.1 m (P4) and in the lowest part, below 1530 m; signifi cantly higher Sr contents (265-474 ppm) were determined for the depth interval at 1500-1528 m. The cataclastic gneiss samples show relatively low Sr contents (<232 ppm). In the lowermost cataclastic gneiss blocks (below 1537.7 m), the Sr contents are <104 ppm ( 
Chalcophile Elements
The Cu contents in the impactite samples rarely exceed 40 ppm, and in about half of the samples, the Cu values are below the detection limit. There are some higher Cu values, up to 57 ppm, in the polymict impactites at the depth interval of 1451.2-1474.1 m (S1) and up to 55 ppm in the interval 1521.6-1537.8 m (P2). An exceptionally high Cu content is observed in the lowermost sample of cataclastic gneiss (161 ppm, CB6-130, depth = 1547.4 m). The Cr contents vary between 24 and 124 ppm in the impact breccia section (Fig. 8) . The Cr content varies from 24 to 102 ppm in the polymict impactites from above 1474 m, from 40 to 112 ppm in the polymict impactites below 1474 m, and from 68 to 124 ppm in the cataclastic gneiss. Zinc contents vary between 40 and 170 ppm in the impact breccia section and do not show any specifi c trend with depth ( Fig. 8) . The samples of cataclastic gneiss have Zn abundances similar to those of the upper suevites above 1474 m, but their values are lower than the values for the lower suevites. An exceptionally high value (455 ppm) was found in suevite sample W-088a (depth = 1461.3 m).
Siderophile Elements
The average contents of Cr and the siderophile elements Co and Ni in suevite, impact melt rock, polymict lithic impact breccia, and cataclastic gneiss are presented in Table 3 . Cobalt and Ni show only minor variation for most of the impactite samples (Fig. 8) . Cobalt content varies between 10 and 23 ppm in the upper suevites, and within the other impactites, the variation is even smaller. The Ni content varies between 24 and 40 ppm in the majority of the impactite samples. Higher Ni contents (above 45 ppm) were observed in two samples of the lower suevites, in two samples of cataclastic gneiss, and in one impact melt rock (49 ppm in sample KB-4, depth = 1405.7 m). Contents of Au in the impactites are low, mostly below 1 ppb or below detection limit; an exceptionally high value of 7.3 ppb was found in a sample of impact melt rock (KB-2, depth = 1042.9 m). The Ir contents are below the detection limit (of ~2 ppb) in the majority of the investigated samples, with a maximum measured value of 0.76 ppb (sample CB6-126, depth = 1529.3 m).
Rare Earth Elements (REEs)
All analyzed samples are enriched in REEs relative to chondritic values. Chondrite-normalized REE patterns for the different impactites are shown in Figure 10 . All impactite samples show very similar REE patterns, with normalized abundances decreasing toward the heavy REEs (HREEs), and a negative Eu anomaly. Also, the average REE patterns of all subunits of the impact breccia section, as defi ned by Horton et al. (this volume) , are all very similar. The average values of La N /Yb N and Eu/Eu* (as defi ned by Taylor and McLennan, 1985) for the impactites are shown in Table 1 .
Fe O + MgO The sum of the REE abundances slightly decreases with increasing SiO 2 content (r = −0.52) and increases with increasing Al 2 O 3 content (r = 0.69) in the polymict impactites. No significant correlation between the sum of the REEs and the content of other major oxides was observed. The sum of the HREEs does not correlate with the Zr or P content, but it increases slightly with increasing Y content in the polymict impactites (r = 0.58).
Chemical Composition of Clasts in Polymict Impact Breccia
The polymict impact breccia contains clasts of various target rock types. Here, we present chemical analyses of 24 different clasts, the sizes of which range from a few centimeters to ~0.5 m. The clasts include schist, gneiss, amphibolite, granite, sedimentary rocks (graywacke, arkose, conglomerate), and other clasts (Appendix 2). The clasts have quite variable chemical compositions, according to their petrographic characteristics. The sedimentary clasts are mostly silica-rich (up to 80 wt% SiO 2 ), whereas the amphibolite clasts contain only ~42 wt% SiO 2 . Harker diagrams (Fig. 11) Rare earth element patterns of most of the clasts are very similar, with negative Eu anomalies, but there are a few samples with different patterns. These include two gneiss samples (W-064 and CB6-122, Eu/Eu* = ~1), as well as a pyrite-rich schist (sample W-098) and a mafi c rock (sample CB6-123) that have the most pronounced positive Eu anomalies (Eu/Eu* = 1.16 and 1.24, respectively) and the lowest contents of the light REEs (LREEs).
Chemical Composition of Melt Particles
Five types of melt particles were distinguished in the suevite from the Eyreville B drill core (Bartosova et al., 2008) Figure 10 . Chondrite (C1)-normalized rare earth element (REE) distribution patterns for the averages of different impactite groups, all of which have very similar REE patterns. Normalization factors are from Taylor and McLennan (1985) .
Amphibolite clasts Schist clasts Gneiss clasts
Sedimentary clasts Other clasts Compositions of individual melt particles were compared with compositions of major rock-forming minerals (e.g., quartz, feldspars, mica), but it appears that none of the melt particles, except for the silica melt (type 3), has a monomineral composition. Furthermore, the individual melt particles were compared with compositions of the different target lithologies. Ternary diagrams comparing contents of some major oxides in individual melt particles and main target lithologies are reported in Figure 13 . The SiO 2 -rich melt particles-the particles of type 3-are not shown in the ternary diagrams because many major element contents are below the detection limit in these particles. The melt particles do not have the same composition as any of the major target lithologies, which is especially apparent when the particles and target lithologies are compared in various ternary diagrams (Figs. 13A, 13B , and 13C). Melt type 1 has similar composition to graywacke clasts, and melt type 5 is similar to fi ne-grained sedimentary clasts in the suevite, which were analyzed by SEM-EDX. Proportions of CIPW normative minerals (see Cross et al., 1902) were calculated for individual melt particles and compared with different target lithologies in various ternary diagrams (Figs. 13D and 13E) , and it appears that melt particles do not have a monolithological composition. In the diagram SiO 2 -CaO + Na 2 O + K 2 O-Fe 2 O 3 + MgO (Fig. 13C) , all of the melt particles cluster toward the SiO 2 corner. The different melt types can be better distinguished in this plot than in those of Figures 13A and 13B. Similar behavior is observed when the CIPW-normative mineral abundances for individual melt particles are plotted in ternary diagrams (Figs. 13A and 13B) . In the diagram showing proportions of quartz, orthoclase, and plagioclase (Fig. 13B) Dark-brown melt (type 5) Figure 13 . Ternary diagrams (A, B, and C) comparing contents of some major oxides in individual melt particles (this study) and main lithologies from the Eyreville drill core (compositions are from Schmitt et al., this volume) . Each composition of a melt particle shown in the fi gures represents an average value of several analyses by scanning electron microscope with an energy-dispersive X-ray analyzer (SEM-EDX). Composition of the Potomac Formation (Table 5) is based on data from Deutsch and Koeberl (2006) . An average composition of the melt-rich impactites (i.e., upper suevites and impact melt rock) is plotted for comparison. Proportions of normative minerals were calculated for individual melt particles and target lithologies according to the CIPW norm (Cross et al., 1902) . (D-E) Ternary diagrams of the relative abundance of normative minerals. Q-quartz, Plag-plagioclase, Or-orthoclase, Ab-albite, An-anorthite. "*" denotes lithologies of the basal crystalline section.
the orthoclase-albite-anorthite diagram ( Fig. 13A ; the particles of type 3 plot into the quartz corner).
Mixing Calculations
In order to model the compositions of the polymict impactites (i.e., average polymict impactites, upper suevites, lower suevites, and impact melt rock) and of the melt particles, we performed mixing calculations using the Harmonic least-squares MiXing (HMX) calculation program (Stöckelmann and Reimold, 1989) , similar to work done by, e.g., French et al. (1997) or Koeberl and Reimold (2003) for other impact structures. The compositions of the impactites and some target lithologies are shown in Tables 1  and 2 , compositions of the melt particles are shown in Table 4 , and composition of the target sedimentary formations is shown in Table 5 . Eight components were used: schist and pegmatite/ granite of the basement crystalline section, amphibolite, and cataclastic gneiss (Table 2) , and four sedimentary target formations (Table 5 ). The composition of crystalline basement-derived components was determined as an average composition of samples of each lithology from the Eyreville drill core (Table 2 ; data from Schmitt et al., this volume). As sedimentary components (Table 5) , average compositions of the lower Cretaceous Potomac Formation, the upper Paleocene Aquia Formation, the lower Eocene Nanjemoy Formation, and the middle Eocene Piney Formation were calculated based on data from Deutsch and Koeberl (2006) . Relative component proportions were calculated using eight major oxide (SiO 2 , TiO 2 , Al 2 O 3 , Fe 2 O 3 , MgO, CaO, Na 2 O, and K 2 O) abundances, six major oxide abundances (Na 2 O and K 2 O excluded), and two sets of calculations with the six major oxide plus two trace-element abundances (Y, Th, or La, Hf). The alkali oxides were excluded from some runs because Na and K are mobile and volatile elements, and their content could be infl uenced by volatilization at high temperature (which would have infl uenced especially the impact melt rock and melt particles) and by postimpact alteration (see also French et al., 1997) . The trace elements Y, Th, La, and Hf were used in the calculations because they are refractory, relatively immobile, and show large enough variations between the different component rocks.
The results of the mixing calculations for the impactites are summarized in Tables 6 and 7 . According to our calculations, the main components of the average polymict impactites are gneiss (>40%), schist (>30%), and sediments (~20%, mainly from the Cretaceous Potomac Formation), and possibly minor proportions of other lithologies (pegmatite/granite and amphibolite; Table 6 ). Impact melt rock is composed mainly of schist (>40%), sediment (~40%, probably mostly Potomac Formation), and possibly minor gneiss and granite/pegmatite components. The upper suevites consist mainly of gneiss (nearly 50%), schist (>25%), and sediments (~20%, mostly Potomac Formation). The proportion of granite/pegmatite reaches >5% only in the calculations with Na and K involved. This is because the granite/pegmatite has high content of Na 2 O (4.2 wt% on average) compared to the other components, which is signifi cant in the calculations. The results of the mixing calculations for these impactites have low discrepancy factors (<1). Lower suevites have an even higher metamorphic rock component (>70% of gneiss and schist), besides sedimentary target rocks (~20%, mostly Nanjemoy Formation), but there are quite variable results and large discrepancies (>3.3) for the lower suevites. The discrepancy factors are a measure of the validity of the results: the lower the factor, the better and more statistically valid the result (Stöckelmann and Reimold, 1989) . The data shown in Table 7 indicate that some of the calculations reproduce the observed compositions fairly well, lending credibility to the results. yes/no † 0.2 ± 2.0 49.7 ± 3.9 30.1 ± 1.8 0 ± 1.5 17.9 ± 2.5 2.0 ± 2.3 0 ± 1.6 0 ± 1.1 0.8 6major yes/no 0 ± 3.7 34.3 ± 10.1 34.5 ± 3.0 3.6 ± 2.9 27.6 ± 9.3 0 ± 3.6 0.1 ± 2.3 0 ± 1.8 0.3 Y Th yes/no 0 ± 0.8 49.1 ± 2.5 31.4 ± 1.9 0 ± 0.6 18.6 ± 0.9 0 ± 0.9 0 ± 0.9 0.9 ± 0.5 0.8 La Hf yes/no 0 ± 2.0 47.0 ± 2.2 31.9 ± 1.7 0 ± 0.8 19.4 ± 0.9 1.8 ± 1.1 0 ± 1.5 0 ± 0.8 0.5
Average polymict impactites-volatile free 8major yes/no 2.4 ± 1.1 45.4 ± 3.1 30.9 ± 1.8 0 ± 1.1 16.4 ± 2.6 2.1 ± 2.4 2.8 ± 1.8 0 ± yes/no 0 ± 1.1 0 ± 1.9 52.2 ± 1.9 0 ± 0.9 44.2 ± 2.1 0 ± 1.6 1.1 ± 1.5 2.5 ± 0.8 0.9 6major yes/no 0 ± 1.8 0 ± 2.0 49.5 ± 1.8 0.7 ± 1.7 46.5 ± 1.9 0 ± 1.7 0.8 ± 1.5 2.5 ± 1.3 0.3 Y Th yes/no 6.9 ± 1.2 9.6 ± 2.7 40.5 ± 2.2 0 ± 0.9 31.2 ± 1.5 5.4 ± 1.3 6.4 ± 1.6 0 ± 1.0 0.8 La Hf yes/no 0 ± 1.0 9.2 ± 3.1 47.7 ± 3.4 0 ± 0.9 37.9 ± 2.1 5.1 ± 1.4 0 ± 1.2 0 ± 1.0 6.3
Impact melt rock-volatile free 8major yes 1.7 ± 2.0 0 ± 3.0 49.0 ± 1.7 0 ± 0.9 41.7 ± 1.9 0 ± 2.7 5.3 ± 2.3 2.3 ± 1.0 0.4 no 2.1 ± 2.3 0 ± 3.3 48.5 ± 1.8 0 ± 1.0 40.9 ± 2.0 0 ± 3.0 5.9 ± 2.6 2.3 ± 1.2 0.4 6major yes 6.8 ± 1.7 0 ± 2.2 46.1 ± 1.3 0 ± 1.2 36.9 ± 2.4 5.0 ± 2.2 5.2 ± 1.1 0 ± 0.9 0.1 no 4.7 ± 4.0 0 ± 7.0 46.4 ± 2.2 0 ± 3.1 39.9 ± 6.9 5.2 ± 5.4 3.2 ± 1.0 0 ± 1.4 0.01 Y Th yes 0 ± 2.7 11.2 ± 3.0 41.6 ± 2.5 0 ± 1.1 40.9 ± 1.6 6.4 ± 2.2 0 ± 2.3 0 ± 1.5 0.6 no 0 ± 2.8 12.3 ± 2.9 40.1 ± 2.5 0 ± 1.0 40.4 ± 1.6 6.5 ± 2.3 0 ± 2.3 0 ± 1.5 0.5 La Hf yes/no 2.1 ± 1.7 11.3 ± 2.9 43.3 ± 2.6 0 ± 0.7 37.2 ± 1.5 6.2 ± 1.5 0 ± 1.3 0 ± 0. 18.4 ± 2.7 1.6 ± 2.5 0 ± 1.8 0 ± 1.3 1.2 6major yes/no 0 ± 2.7 31.5 ± 7.8 31.3 ± 2.3 5.5 ± 2.1 31.6 ± 7.2 0 ± 2.6 0 ± 1.9 0.1 ± 1.5 0.3 Y Th yes/no 1.1 ± 0.9 46.8 ± 2.1 27.7 ± 1.5 1.7 ± 0.6 21.6 ± 0.8 0 ± 1.0 0 ± 0.9 1.0 ± 0.5 0.5 La Hf yes/no 0 ± 0.9 50.0 ± 1.8 27.9 ± 1.4 0 ± 0.6 20.4 ± 0.9 0 ± 1.3 0 ± 1.0 1.7 ± 0.7 0.4
Upper suevites-volatile free 8major yes/no 5.8 ± 1.5 46.4 ± 3.6 25.6 ± 2.2 1.5 ± 1.5 16.4 ± 3.1 2.3 ± 2.9 2.0 ± 2.2 0 ± 1.2 0.7 6major yes 1.4 ± 2.9 47.7 ± 7.2 27.6 ± 1.8 0 ± 2.3 19.7 ± 6.6 3.6 ± 2.4 0 ± 1.4 0 ± 1.2 0.2 no 0.9 ± 4.2 47.4 ± 9.8 27.6 ± 2.1 0 ± 3.3 20.2 ± 8.9 3.5 ± 3.8 0 ± 1.5 0 ± 1.5 0.1 Y Th yes/no 0 ± 1.6 16.0 ± 3.1 47.4 ± 2.5 0 ± 1.2 31.3 ± 1.7 5.0 ± 1.7 0 ± 1.8 0 ± 1.0 1.1 La Hf yes 0 ± 0.6 47.9 ± 1.3 28.9 ± 1.0 0 ± 0.5 21.6 ± 0.7 0 ± 1.2 0 ± 0.9 1.6 ± 0.7 0.2 no 0 ± 0.6 48.1 ± 1.2 28.5 ± 1.0 0 ± 0.5 21.5 ± 0.7 0.1 ± 1.2 0 ± 0.9 1.6 ± 0. yes/no 0 ± 3.8 47.1 ± 9.5 36.9 ± 5.1 0 ± 3.4 0 ± 4.3 0 ± 4.5 16.0 ± 4.0 0 ± 2.1 6.8 6major yes/no 0 ± 9.6 63.4 ± 14.7 28.9 ± 7.6 0 ± 8.4 0 ± 11.4 0 ± 7.5 7.7 ± 5.3 0 ± 6.9 3.4 Y Th yes/no 0 ± 1.5 63.0 ± 5.2 29.9 ± 3.7 0 ± 1.4 0 ± 1.8 0 ± 1.7 7.1 ± 2.5 0 ± 1.2 3.5 La Hf yes/no 0 ± 3.5 61.5 ± 6.0 32.6 ± 4.6 0 ± 3.7 4.7 ± 5.2 0 ± 2.9 1.2 ± 2.9 0 ± 2.0 3.8
Lower suevites-volatile free 8major yes 0 ± 3.9 37.9 ± 9.0 42.7 ± 5.0 0 ± 3.3 0 ± 4.4 0 ± 4.6 19.4 ± 4.0 0 ± 2.0 5.9 no 0 ± 3.1 1.8 ± 3.3 65.5 ± 4.1 0 ± 1.9 0 ± 3.0 0 ± 3.2 32.7 ± 3.9 0 ± 1.6 5.5 6major yes/no 0 ± 10.3 48.9 ± 14.7 37.2 ± 7.6 0 ± 8.5 3.2 ± 11.5 0 ± 7.1 10.7 ± 5.0 0 ± 6.7 3.3 Y Th yes/no 0 ± 2.3 19.4 ± 5.8 54.4 ± 4.1 0 ± 2.3 6.8 ± 2.9 0 ± 2.2 19.4 ± 3.5 0 ± 1.4 3.7 La Hf yes/no 0 ± 3.5 72.2 ± 5.7 27.8 ± 4.5 0 ± 1.5 0 ± 2.3 0 ± 2.3 0 ± 2.3 0 ± 1.3 4.7 Note: Values are in %. All calculations were made with normal values and with volatile-free values, where all components and mixtures were recalculated on volatile-free basis; all calculations were made with and without forcing to 100%, the results of which are mostly similar. 8major-calculations with oxides of eight major elements (Si, Ti, Al, Mg, Fe, Ca, Na, and K); 6major-calculations with oxides of six major elements (Si, Ti, Al, Mg, Fe, and Ca); Y Th-calculations with six major oxides and Y and Th; La Hf-calculations with six major oxides and La and Hf. The compositions of all components and mixtures are shown in Tables 1, 2, and 5. Harmonic least-squares MiXing (HMX) calculations are after Stöckelmann and Reimold (1989) .
*From the basal crystalline section. † Yes/no means that results with and without forcing to 100% are the same. The same eight target rocks were used to model the composition of the different types of melt particles (Tables 8 and 9 ). The components of the SiO 2 -rich melt (type 3) were not calculated because many major oxides were below detection limit, and the composition suggests a single silica-rich precursor. The mixing calculations with eight major elements for the clear glass and altered melt particles yielded very large discrepancy factors (>18) for most melt types, and a lower discrepancy (5.3) was obtained only for melt type 4. According to the calculations with six major elements, particles of type 1 could have had mostly sedimentary precursors (mostly from Potomac Formation) and ~27% of a gneiss component, whereas the melt particles of type 2 could be mixtures of schist with a minor pegmatite/granite component. Calculations for melt type 4 result in a mixture of Potomac Formation (~77% or 49% calculated with eight or six major elements, respectively), schist (20% or 27%), pegmatite (0% or 21%), and minor contributions of other components. Melt type 5 could not be modeled as a mixture of the major lithologies with reasonable discrepancy values. The melt particles were also modeled as mixtures of common rock-forming minerals. The main components of the clear glass particles would be quartz (~70%), plagioclase, muscovite, biotite, and chlorite. However, some calculated abundances show fairly large deviations from the observed compositions of the melt particles, casting doubt on the validity of the mixing calculation results. The altered melt particles can be modeled with a somewhat better discrepancy factor as mixtures of quartz (~30%), muscovite (~30%), biotite, plagioclase, and chlorite. Melt type 4 could not be modeled as mixtures of the minerals with reasonable discrepancy values (discrepancy factors are >23). Components of melt type 5 could be muscovite (~44%), quartz (~31%), biotite (20%), and anorthite (~4%), but the discrepancy obtained is relatively high (>4). Mixing calculations do yes 76.9 ± 2.9 0 ± 1.6 4.5 ± 1.0 3.4 ± 0.8 5.0 ± 1.8 3.7 ± 1.9 6.6 ± 1.8 14.6 no 72.5 ± 2.6 0 ± 1.6 4.4 ± 0.9 3.2 ± 0.7 6.4 ± 1.7 1.9 ± 1.8 4.8 ± 1.6 13.3 6major yes 64.5 ± 7.2 0 ± 9.1 0 ± 9.1 2.8 ± 0.6 12.2 ± 2.1 20.5 ± 6.6 0 ± 5.1 4.3 no 64.6 ± 7.2 0 ± 9.1 0 ± 9.1 2.8 ± 0.6 12.2 ± 2.1 20.5 ± 6.6 0 ± 5. Discrepancy 6major yes 5.3 ± 4.9 0 ± 6.0 94.7 ± 9.0 0 ± 3.9 0 ± 6.6 0 ± 5.5 0 ± 5.0 0 ± 3.3 8.6 no 9.2 ± 5.9 0 ± 7.1 81.0 ± 9.7 0 ± 4.4 0 ± 7.4 0 ± 6.2 0 ± 5.5 0 ± 3.8 8.7
Altered melt (type 2), reproduced from rock-forming minerals Qtz Kfs Alb An Bt Ms Chl # 8major yes 30.5 ± 1.9 0 ± 5.2 16.1 ± 2.3 8.8 ± 1.3 8.5 ± 4.1 25.0 ± 3.2 11.1 ± 2.2 11.4 no 30.5 ± 1.9 0 ± 5.2 16.2 ± 2.3 8.8 ± 1.3 8.5 ± 4.1 25.0 ± 3.2 11.1 ± 2.2 11.4 6major yes 33.4 ± 3.0 0 ± 9.0 0 ± 9.0 8.1 ± 2.1 22.8 ± 2.5 35.7 ± 6.0 0 ± 2.4 2.3 no 33.4 ± 3.0 0 ± 9.0 0 ± 9.0 8. yes/no 30.5 ± 2.6 0 ± 1.9 0 ± 1.9 4.4 ± 1.0 19.8 ± 1.4 44.4 ± 3.1 0 ± 1.3 0.9 ± 1.3 4.5 Note: Values are in %. All compositions of the components were recalculated to the same format as data obtained for the melt particles by scanning electron microscope with an energy-dispersive X-ray analyzer (SEM-EDX): 100% of SiO 2 , TiO 2 , Al 2 O 3 , Fe 2 O 3 , MgO, CaO, Na 2 O, K 2 O, and Cr 2 O 3 . All calculations were made with and without forcing to 100%, and the results are mostly similar. 8major-calculations with oxides of eight major elements (Si, Ti, Al, Mg, Fe, Ca, Na, and K); 6major-calculations with oxides of six major elements (Si, Ti, Al, Mg, Fe, and Ca). The compositions of all components are shown in Tables 1, 2 , and 5, and compositions of the melt particles are given in Table 4 . Symbols of rock-forming minerals are after Kretz (1983) . Compositions of the rock-forming minerals from Anthony et al. (1995) were used. Harmonic least-squares MiXing (HMX) calculations are after Stöckelmann and Reimold (1989) . Only results yielding discrepancies lower than 15 are shown.
*From the basal crystalline section. † Yes/no means that results with and without forcing to 100% are the same. not suggest an appreciable content of other mafi c minerals (such as amphibole or pyroxene) in the melt particles. Results of these calculations are not shown, since they do not provide any additional information and some of them have high discrepancies.
Carbon Isotopes
The δ
13
C values reported in ‰ relative to the Vienna Peedee belemnite (VPDB) standard are shown in Figure 14 and listed in Table 10 C values of the carbonate material are about −7‰ and −14‰, and the melt particle from suevite at 1452.2 m depth yielded a value of −8‰. The different types of samples analyzed can be clearly distinguished according to their C content and isotopic composition (Fig. 14) .
DISCUSSION

Composition of the Impactites and Melt Particles
The composition of the polymict impactites varies mostly due to the variable contents of clasts of different target lithologies. The decreasing trend of SiO 2 content with depth can be explained by a decrease of the relatively SiO 2 -rich sedimentary component, whereas Al 2 O 3 , Fe 2 O 3 , and TiO 2 increase with depth (Fig. 4) , probably due to an enhancement in gneiss and schist components, which are relatively rich in these oxides (Tables 1   TABLE 9 . and 2). This interpretation is in agreement with petrographic observations (Bartosova et al., this volume) , as in the lower part of the impact breccia section, clasts of gneiss and schist are more abundant than in the upper part. However, in some of the polymict impactites from ~1520 m depth, the sedimentary clast component seems to be dominant (Bartosova et al., this volume) . The lower SiO 2 and higher Al 2 O 3 and Fe 2 O 3 contents in these samples could be caused by an increased proportion of fi ne-grained sediments (e.g., mudstones and shales) in the sedimentary component.
CALCULATED COMPOSITIONS OF THE MELT PARTICLES (HMX CALCULATIONS) COMPARED WITH OBSERVED
The upper part of the impact breccia section (above 1450 m) shows an enrichment of Na that might be a result of an enhanced granitic component (Schmitt et al., this volume) or of a seawater component. However, if the enhanced Na content originated from a granitic component, then enrichment in other elements abundant in granite (e.g., K and Rb) should also be observed, which is not the case (see Figs. 4 and 8) . On the other hand, the samples with high Na contents are also relatively enriched in Mg, which has very low concentrations in granite, but is the second most abundant cation in seawater. Sanford (2005) suggested that the Exmore breccia may still contain the original seawater from the time of breccia deposition. Brines sampled from the Exmore breccia in the Kiptopeke drill core (Sanford, 2005) and from the impact breccia section of the Eyreville core (Gohn et al., 2008) both have high salinities.
The ternary diagram CaO-K 2 O + Na 2 O-FeO + MgO (Fig. 6) shows that the relative abundances of these oxides in suevite, impact melt rock, and cataclastic gneiss are very similar. The suevite shows the largest range in the ternary diagram, in accordance with its larger petrographic heterogeneity compared to the impact melt rock and gneiss. For most elements, variations in the concentrations are much smaller in the upper part of the impact breccia than in the lower part (Figs. 4 and 8) . This is in agreement with petrographic observations-the upper parts of the impact breccia section are more homogeneous (contain more matrix and millimeter-sized clasts are dominant above 1430 m), whereas the clasts become larger in the lower parts (Bartosova et al., this volume) .
Elevated siderophile element contents can be signifi cant indicators of a meteoritic component (e.g., Koeberl, 1998) . The contents of Co, Ni, and Cr in the polymict impactites are generally low (Tables 1 and 3) . The highest values of siderophile elements were observed in cataclastic, monomict breccia of gneiss, but this is due to the original mineral composition of the gneiss (e.g., local sulfi de provenance). The highest meteoritic component would be expected to be present in the melt-rich rocks (e.g., Montanari and Koeberl, 2000) , but no signifi cant enrichment of siderophile elements was detected in the analyzed impact melt rock samples. The exceptionally high Au content in sample KB-2 (7.3 ppb) is not correlated with an enrichment in other siderophile elements. The highest content of Ir found by Lee et al. (2006) in a clast of impact melt rock from the STP test hole was 0.466 ppb. However, this value is still below the limit of detection of our INAA measurements. Because the contribution of material from the impactor is usually very small within the impactites and because the contents of Cr, Co, and Ni can be high in the target rocks, detailed platinum group element analyses are more suitable for identifying a meteoritic component (Koeberl, 1998) . For further discussion, see McDonald et al. (this volume) . Some of our results of the mixing calculations for the impactites are constrained by rather low discrepancy factors (<1). However, the discrepancy values of the calculations for lower suevites are overall larger (>3), which suggests that these results should be considered with caution. The mixing calculations suggest that the polymict impactites were derived mostly from the metamorphic rocks of the crystalline basement. Other important target components were sediments, mostly from the lowermost and thickest sedimentary unit, i.e., the Cretaceous Potomac Formation (~600-1300 m thick; Poag et al., 2004;  Fig. 3 ). The impact melt rock is composed mainly of schist and sedimentary target rocks (Potomac Formation). The lower suevites (below 1474 m) are relatively enriched in the metamorphic rock (gneiss, schist) component compared to the upper suevites, according to the mixing calculations; this would be in agreement also with the trends of major-element contents with depth, discussed already.
The granite/pegmatite component is nearly absent in the lower suevites but can constitute more than 5% in the upper suevites (only in the calculations where Na 2 O and K 2 O are included). This would be in agreement with the suggestion by Schmitt et al. (this volume) that the enrichment of Na in the upper suevites is due to an enhanced granitic component; however, as discussed already, the enhanced Na content can be a result of a seawater component. We have observed granitic clasts in most parts of the core, but they are relatively rare.
Mixing calculations suggest that the sedimentary component of the upper suevites originates mostly from the lower Cretaceous Potomac Formation. The sedimentary component in the lower suevites is seemingly derived mostly from the lower Eocene Nanjemoy Formation; however, this result should be considered with caution due to the high discrepancy values of the calculations for lower suevites.
Results of the mixing calculations are generally in agreement with petrographical observations (i.e., clast populations present) as reported by Bartosova et al. (this volume) . The petrographic observations confi rm the abundance of gneiss/schist, especially in some melt-poor intervals of the polymict impactites (i.e., 1430-1448 m and 1474-1486 m; Bartosova et al., this volume) . For the sedimentary component, it is not possible to distinguish, based on our petrographic observations, from which sedimentary formation the clasts originated due to the absence of microfossil constraints. In the results of our mixing calculations, the metamorphic rock component is higher, and sedimentary component is lower, than expected from the point counting data for suevite (i.e., the estimated proportion of sedimentary clasts is higher than of crystalline clasts; Bartosova et al., this volume) . However, the clasts constitute only ~45 vol% of the suevite, on average, and the rest of the analyzed material is present as matrix and melt (Bartosova et al., this volume), which can have different compositions from the population of larger clasts.
The melt particles of type 1 and 4 were best modeled as mixtures of target lithologies (Potomac Formation and crystalline basement lithologies), whereas for melt types 2 and 5, mixtures of rock-forming minerals (quartz, anorthite, and mica) have relatively lower discrepancy factors than calculations with rocktype components and would, thus, appear to be more reliable. However, the results of mixing calculations for the melt particles are not satisfactory, as shown by deviations between observed and calculated values given in Table 9 . The calculations with eight major elements gave mostly high discrepancies; relatively lower discrepancies were obtained only in the calculations with six major elements. The silica melt (type 3) is probably a melt of quartz or a silica-rich rock. The dark-brown melt could be a melt of a shale or a fi ne-grained sediment; also the composition is very similar to the composition of fi ne-grained sedimentary clasts (mudstones) in the suevite (as analyzed by SEM-EDX). The original composition, especially of the type 2 melt particles, could have been modifi ed signifi cantly by hydrothermal alteration. Changes of composition due to hydrothermal alteration have been described, for example, in melt particles from the Yaxcopoil-1 drill core within the Chicxulub impact structure (Hecht et al., 2004; Tuchscherer et al., 2004) . At Chicxulub, Claeys et al. (2003) observed silicate melt phases with different composition and degree of alteration at the thin section scale and, thus, concluded that no widespread homogenization of the melt took place. This is similar to our observations and conclusions for melt particles from the Chesapeake Bay impact structure (Bartosova et al., this volume; Reimold et al., this volume) .
Comparison of the Melt-Rich Impactites and the North American Tektites
The average chemical composition of melt-rich impactites (i.e., upper suevites [from above 1474 m depth] and impact melt rock; average of 57 samples) was compared with the composition of bediasites (Deutsch and Koeberl, 2006) and georgiaites (Albin et al., 2000) , and the results are shown in Figure 15 . The composition of the melt-rich impactites was recalculated on a volatilefree basis. When compared with melt-rich impactites, the georgiaites are enriched in Si and Ba. All other elements are depleted in the georgiaites-most depleted are Mn, Mg, and Ca, and Ni, Y, and Cs. All trace elements are depleted by a factor of ~0.6 in georgiaites as compared to melt-rich impactites. The bediasites are enriched in Si and Hf when compared with the average meltrich impactites. The REE contents are very similar in bediasites and melt-rich impactites. Most LREEs are slightly enriched in bediasites, whereas the HREEs are slightly depleted. Bediasites are also depleted in Mn, Mg, Ca, Ni, and Cs compared to meltrich impactites. Both types of tektites are depleted in Ta, Th, and U in comparison with the melt-rich impactites.
For many elements, the similarities between the melt-rich impactites (upper suevites and impact melt rock) and tektites are greater than between the Exmore breccia and tektites or average target sediments and tektites, when our results are compared to the study by Deutsch and Koeberl (2006) . The tektites show the largest depletion in Mn, Mg, Ca, Ni, and Cs in comparison with the melt-rich impactites. Similar depletion was observed by Deutsch and Koeberl (2006) when tektites were compared with target sediments and Exmore breccia. The tektites are enriched in Na compared to target sediments (Deutsch and Koeberl, 2006) , but there is no such enrichment when comparisons are made against the composition of upper suevites and impact melt rock. The enhanced Na content in the Exmore breccia and upper suevites is probably due to the granitic clast content and/or seawater component. However, both the melt-rich impactites and the Exmore breccia are not real pre-impact target rocks. They are only models for mixtures of pre-impact target rocks that could be involved in the formation of the tektites.
Hydrothermal Alteration
Evidence of hydrothermal alteration of the impactites is described in Bartosova et al. (this volume) and Wittmann et al. (this volume, Chapters 16 and 17) . The hydrothermal alteration has been studied also in the samples from the STP test hole, and details of hydrothermal changes and conditions have been presented by, e.g., Horton et al. (2006a Horton et al. ( , 2006b ) and Larsen et al. (2006) . Figure 7 shows that there is no correlation between the CaO content and the LOI for the studied impactites. This means that the LOI is not caused predominantly by the presence of carbonate, but there are probably other effects, such as content of organic matter or/and structural water in phyllosilicate minerals. A positive correlation of CaO and LOI was observed, for example, in the Yaxcopoil-1 impactites at Chicxulub (Tuchscherer et al., 2004) , but the contents of carbonate in these impactites were one order of magnitude higher than in the Chesapeake Bay impactites. The occurrence of secondary phyllosilicate minerals (such as smectite), a typical product of alteration, was identifi ed in Chesapeake Bay suevite samples (Bartosova et al., this volume; Wittmann et al., this volume, Chapters 16 and 17) . Organic matter is present mostly in fi ne-grained sediments (i.e., siltstones, mudstones, and shales). Graphite, likely derived from graphitic schist, also occurs in the impactites. The LOI increases with increasing depth in the impactites, suggesting higher alteration in the lower parts of the section. This is also in agreement with petrographic observations because the evidence of hydrothermal alteration (e.g., the presence of smectite or secondary carbonate) is more pronounced in the lower part of the impact breccia section (Bartosova et al., this volume) .
Carbon Isotopes
The vitrinite in the Exmore breccia (CB6-059, depth = 761.8 m) has a δ 13 C value of −20‰, which is at the higher end of the typical C-isotopic composition of coal (e.g., Coplen et al., 2002) . Modern C3 plants have no δ
13
C values higher than −23‰ (Bocherens et al., 1993; Gröcke, 1998) , but there are some Cretaceous plants with values around −20‰ (Bocherens et al., 1993) or −21‰ (van Bergen and Poole, 2002) . Furthermore, this could be an indication of saline conditions, which can cause a positive Figure 15 . The elemental ratios of the average compositions of tektites, i.e., bediasites (from Deutsch and Koeberl, 2006) and georgiaites (from Albin et al., 2000) , versus the average composition of the melt-rich impactites (i.e., upper suevites and impact melt rock) from the Eyreville drill core (average of 57 samples, this work). The composition of the melt-rich impactites was recalculated on a volatile-free basis. Compared to Chesapeake Bay melt-rich impactites, bediasites are depleted in most of elements but enriched in Si and slightly enriched in some light rare earth elements (LREEs). Most of the REEs have very similar abundances to those of bediasites and melt-rich impactites. Compared to the melt-rich impactites, georgiaites are enriched in Si and Hf but depleted in all other elements, especially in Mn, Mg, and Ca in terms of major elements and in Ni and Cs in terms of trace elements.
shift to −21‰ for plant material in sediments (Gröcke, 1998) C values of −7.5‰, −7.0‰, −13.8‰, and −8.3‰, respectively. These lower values compared to marine carbonate (e.g., Coplen et al., 2002) suggest a hydrothermal origin of the veins; the lower value of −14‰ might also be due to a mixture with carbon of organic matter. The δ
C values of sedimentary clasts in suevite and in Exmore breccia range from −21.1‰ to −27.4‰ (average: −25.8‰), and from −23.8‰ to −28.9‰ (average: −25.2‰), respectively. This is the typical range for organic matter in sediments (e.g., Coplen et al., 2002) . Previous carbon isotope studies of organic matter in mudstones of the Arundel Formation (Potomac Formation) yielded δ C values of our samples compared to the previously published data of the target rocks can be interpreted as the result of postimpact hydrothermal alteration. No evidence for isotope fractionation due to impact was found. However, carbon isotope data of unshocked target sediments are necessary for comparison with the results of this preliminary investigation.
SUMMARY AND CONCLUSIONS
Major-and trace-element contents were analyzed in 85 samples from the impactite section in the Eyreville B drill core. Furthermore, 24 clasts of different target lithologies were analyzed from the polymict impactite sequence. The main conclusions are:
(1) Chemical compositions of the polymict impactites are primarily the result of the mixing of the different target rocks, i.e., crystalline rocks and overlying sedimentary rocks of Cretaceous to Eocene age.
(2) Major-and trace-element contents show only limited variations in polymict impactites from the upper part of the section, and larger variations are observed in the lower part. The larger heterogeneity of the lower part was also documented by the petrographic observations (Bartosova et al., this volume) . Some trends in major-element contents with depth (e.g., increase of the Fe 2 O 3 and TiO 2 contents) suggest that the schist component in suevite increases with increasing depth, in agreement with our petrographic observations.
(3) Mixing calculations of proportions of components involved in formation of the polymict impactites show that the rocks derived from the metamorphic basement rocks (gneiss and schist) constitute the main components of the polymict impactites (more than ~75%), together with a sedimentary component (~20%), and a possible minor component of other lithologies (pegmatite/granite and amphibolite). The sedimentary component is represented mostly by the lowermost and thickest Potomac Formation. However, the proportion of the metamorphic basement-derived rocks is higher than expected from the petrographic observations (Bartosova et al., this volume) .
(4) The polymict impactites are not enriched in siderophile elements compared to the schist/gneiss of the basal crystalline section. The highest siderophile element contents were found in cataclastic gneiss. No enrichment of the siderophile elements was found in the impact melt rock.
(5) The melt particles were modeled by mixing calculations as mixtures of target lithologies and of common rock-forming minerals (quartz, feldspars, and mica). However, the mixing calculations for melt particles do not give satisfactory results, and the original composition of some melt particles has been modifi ed by alteration. More analyses of melt particles are necessary to better constrain their source lithologies.
(6) The presence of some secondary minerals (e.g., secondary pyrite, carbonate veins, and smectite; Bartosova et al., this volume) and the carbon isotopic values of the carbonate veins imply postimpact hydrothermal alteration.
(7) The carbon isotopic ratios show typical values for the various types of samples analyzed.
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*Gray-green, extremely fine-grained, crumbly to powdery clasts, presumably fine-grained sedimentary clasts or highly altered clasts/melt. † 
